Powers of Ten
Number Sense and Scientific Notation

How big is the solar system? our galaxy? the universe? In our everyday experience it is
difficult to fathom such great distances. Large sizes and distances mean large numbers
which we often write in scientific notation. This activity is designed to help you
understand relative sizes in the universe and scientific notation. Complete the
introductory activity before watching the video clip.

l Introductory Activity

1. Write the number 10* (same as 1 x 10%) in decimal form - \OI.OOO

1
2. Write the number 25,000,000 in scientific notation - 2.5 X | 0)
3. Write the number 5 x 10 in decimal form — . 0OS
4. Write the number 0.000001 in scientific notation - | % ID\ 6 m |0

8., 3 5
5. The number 10® is how many times bigger than the number 10°? [ o°<10 =10

6. What would you estimate to be your height in meters? ( Std nsw M\)
- 7. What would you estimate to be the length of your classroom (m)? ( $td ans uJe.\'\)

8. Measure your height and the length of your classroom and compare your answers
with your estimates in the previous two questions. What did you find?

(g‘l' A ans u)v\>

/ 9. Order the following objects from smallest to largest: planct, galaxy, swf, selaf
systent, universe; Hereules-starcluster, Virgocluster-of galaxies.

MMWM#MMMM@M% Ui vense

10. What would you estimate to be the diameter of the earth?

a) 10*m b) 10°m ¢)10'm  d) 10”m ) 10®m
11. What would you estimate to be the size of the moon’s orbit?
a) 10°m b) 10°m  ¢)10”%m d) 10®m e 10”m
K 12. What would you estimate to be the size of our solar system?
(s,hl one a) 10’ m b) 10°m ¢ 10%m d)10%m e 10¥m

13. What would you estimate to be the size of our galaxy? .
a) 10°m b) 10°m  ¢)10%m d) 10 "m e 10“m




!_, Video Acﬁvity —Part 1 J

of the video you are about to watch starts with a coupl‘e h.aving a picnic near
E:lieﬁ l\r/iiflflgan in Chicago).( Every 10 seconds, you wil.l view th?s picnic from 10x f'fxlrlther
away and the size of the image will be 10x larger. Wle wgtc%ung the yldeo you wi hsee
numbers appear on the left and right side of the imgge 1der.1t1fymg the dlstapce t:rorr} dt e
picnic site and the size of the image (distance and image size are the same 1n this video).
While watching the video clip, record the answers for each of the following statements.

a. 100 m = distance a man can run in | 0 seconds

b. l km = distance a race car can travel in 10 seconds

c. 10 km = distance a_Supensowec  can travel in 10 seconds
o p\wu.
d. 10° m = distance an orbiting satellite travels in 10 seconds

7
e. The diameter of the earth is approximately k 0 meters

S %
f. The moon orbits between }0C mand \ 0 m away from the earth.
,'1
g. Jupiter orbits about how far from the earth? | 0
)3
h. The outer reaches of the solar system (Pluto’s orbit) is how far from earth? l Q

. . e 13
i. Approximately how wide is the solar system? | O m

. - - . 'b
j- A light-years is equivalent to “) meters. = 9, 4(, A o 13 m
k. The star, Arcturus, is about =~ L )' g meters from earth.

1. Our galaxy is approximately how wide in meters? __LQ_L in li
7 in light-years? L(ﬁ,:_O_QCL

m. The Virgo cluster of galaxies is approximately how far from earth in meters? LO >Y

in light-years? )00 wAax \SC\(M l)

L Post-Lab Questions | —I

Revisit your answer to question #9 in ' ivi
. the Introductory Activity. Disc
changes you might make now that you have viewed Y e

the video.
( st Ans wu\

Compare your estimates from i .
. ; questions #10-13 in th ry Activi
section with your answers from the video, C ¢ insroductory Activity

bein ) [ Lomment on how close you were t
g correct. Did you, in general, overestimate or underestimate? d °

( St & wu)




Use your data from the video to calculate the following:

3. Our solar system is how much larger than the earth?
13 - .
10" m ](),l = 10bx (\ "W‘““’“'h"““”>
4. Our galaxy is how much largef than the earth? than the solar system?
ol - It
10 / 107 = |0

5. If one mile is equivalent to 1609 meters,
a. how wide is our solar system in miles?

) -
lY IO M'-—\"U“-‘)( __\___vv_\_'l-— et L»J.KIDQ P IS

HaDClW\ (Q‘a h\\\:m‘* M\\C‘)

b. how wide is our galaxy in miles?

21 .
| w—

6. A light-year is the distance light will travel in one year; You were provided the
length of a light-year during the video. If light travels through space at e
3.0 x 10® m/s, calculate how long it would take for light to travel \ Wzld m
a. from earth to Jupiter? Y
v "~
)v?\‘bz\ u*\omglm ot \
1> S = 3300s
O m ¥ > 8 s
b. across our solar system? 4 (3yrl0 W‘} » 0.9 howr
lo\%M'Y (3\ lsog v) = 20 %X‘D 5
A’ —
* ~ q lr\,o W

c. across our galaxy? .
. ‘ - ‘
! lOa ™M y _-——\——S"' - 3: 3)& ' D S

(3x10%) o ¥ howe 2 34 101
Ax I0Y howrs 3.k &:g

| _l_ e—— d. from the star, Arcturus? < | ol,/
ool 10 m 13— = 23, 10% =
me\n\\ma x> 3Px07%s = |9k %M/*
whan (3x10 )
i L\Mﬁ 0 7. Based on your 'calcu.lations. ﬁogn .ques.tion .#4 and 6¢c, comment on yvhy de.:tecting
shonod other forms of intelligent life (if it exists) in our galaxy and the universe is so
difficult.
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8. Everything moves within the solar system, within our galaxy and within our
universe. Let’s assume the motions described below are circular meaning the
object is moving along the circumference of a circle. If the equations for the
circumference of a circleare C=2xpixr or C=pixd, how fast are the
objects described below actually moving? (speed = distance / time)

a. person rotating on equator of earth (radius of Earth at equator = 3964 miles)

V= &0 - amBdat)
t a4 he \/038"“"@»‘

b. earth around the Sun (average Earth-Sun distance = 93 million miles)

b
lao) —
v &ﬂl \1(?3)(:2‘ w:wP = 6,705 nph

\1(

c. Sun around center of Milky Way Galaxy assuming it takes 240 million
years for the sun to complete one revolution around the galactic center
(average distance of Sun from center of galaxy ‘26 ,000 light-years)

M

2, 506 Ly x 16" my ‘ -
\{ ?W ( - b - Y 160‘1\» = L‘ ?’3/ 000 V\~‘>k
J'-l-oxll) \.'rs ¥ \’r X 'ﬂa—

Websites based on the video concept of Powers of Ten:
Cosmic View (precedes Powers of Ten) - http://www.wordwizz.com/pwrsof10.htm

Website of Eames video - http://powersof10.com

Another web version - http://micro.magnet.fsu.edu/primer/java/scienceopticsu/powersof10/
Another web version - http://microcosm.web.cern.ch/Microcosm/P10/english/P0.html
Data and Powers of Ten - http://www2.sims.berkeley.edu/research/projects/how-much-
info/datapowers.html
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